INTRODUCTION
============

Historically, fermented foods were made using naturally occurring microorganisms, and these processes continue today. One example is kimchi, a traditional Korean fermented cabbage dish. We were inspired to create a kimchi laboratory exercise after reading Sandor Katz's *The Art of Fermentation*; the text is a valuable resource for fermentation recipes and for discussions on the impact of fermentation on human development ([@b4-jmbe-15-297]). Herein we report a laboratory project based around the preparation of kimchi, where students are introduced to the concept of fermentation using endogenous microbes.

PROCEDURE
=========

For three semesters (6 sections, ∼20 students per section), we incorporated an applied microbiology laboratory exercise using the cheese, yogurt, and buttermilk recipes outlined by Drake and McKillip ([@b2-jmbe-15-297]) into our majors microbiology course. The procedures for making cheese, yogurt, and buttermilk are straightforward and provide an introduction to fermentation via inoculation. Vegetable fermentation, as occurs in the preparation of sauerkraut and kimchi, uses a brining step to enrich the medium for naturally occurring lactic acid bacteria (LAB). This exercise provides an opportunity for students to contrast the process of enrichment for vegetable fermentations with the inoculated fermentations of milk to make cheese, yogurt, and buttermilk in which known strains of microorganisms were added to milk.

Pre-lab worksheet and hypothesis formulation
--------------------------------------------

Prior to the lab, students were given a worksheet ([Appendix 1](#SD1){ref-type="supplementary-material"}) to explore their opinions on consuming fermented foods and their understanding of fermentation processes. Specifically, the students were asked to hypothesize where the LAB originated in the kimchi process and to design experiments to test their hypotheses. Groups decided to swab, culture, and Gram stain different kimchi ingredients, such as the flour, the raw cabbage, and the brined cabbage ([Appendix 2](#SD1){ref-type="supplementary-material"}).

Kimchi preparation
------------------

Students worked in groups of three or four to prepare kimchi in a classroom separate from the microbiology laboratory. Kimchi recipes vary widely, depending on vegetables available, regional preferences, and individual preference. The recipe we used is provided in [Appendix 2](#SD1){ref-type="supplementary-material"} and can be modified easily.

An overview of the experimental protocol as carried out during a two-hour laboratory period is as follows. The instructor rinsed, chopped, and pre-brined the Napa cabbage for two hours prior to the lab period. During the laboratory period, students made kimchi paste, prepared the other vegetables (carrots, radishes, etc.) and rinsed the cabbage after it had brined for two and a half hours. Students then mixed the rinsed cabbage with the kimchi paste and vegetable mixture. The kimchi was packed into food-safe jars such that all vegetables were fully submerged in the liquid. Lids were tightened and jars were left at room temperature for two to three days prior to refrigeration. Students tasted the kimchi two weeks later.

Post-lab worksheet and hypothesis testing
-----------------------------------------

Throughout the kimchi preparation, students tested their hypotheses regarding the source of the LAB in the kimchi fermentation process. Sterilized equipment was used to sample the kimchi; samples were then taken to the lab. The recipe was completed prior to students moving to the microbiology lab to perform Gram stains and isolation streaks on their samples from various stages of the kimchi preparation.

At this point, students completed additional questions ([Appendix 1](#SD1){ref-type="supplementary-material"}) regarding the fermentation process. One question asked the students to predict the changes that occur in the kimchi as the fermentation progressed over days and weeks; again, students designed simple experiments to test these hypotheses, focusing their efforts on changes in pH and relative levels of fermenting species of LAB. Since these experiments were more advanced, students were instructed to find scientific literature to support their predictions. Prior to the experiment, a relevant paper by Di Cagno et al. ([@b1-jmbe-15-297]) was discussed in lecture and introduced students to relevant peer-reviewed sources. Students were encouraged to apply their knowledge of microbial metabolic pathways to defend their predictions about pH levels and succession of LAB species throughout the fermentation. Additionally, students measured the pH of the kimchi fermentation over time, and their results confirmed reports from the scientific literature.

Another post-lab question prompted students to synthesize their understanding of metabolic processes and the intrinsic factors influencing microbial growth on food. Students were asked why the kimchi is safe to eat even though it sits at room temperature for a few days. Class discussion of this concept included the historical importance of fermentation as a means of food preservation prior to refrigeration; this discussion also facilitated the exploration of different cultures and other fermented foods ([@b4-jmbe-15-297]).

ASSESSMENT
==========

Students were graded on their participation in the group process of preparing kimchi, their individual completion of the worksheet, their hypothesis and experimental design, and their laboratory skills (Gram stains, culturing on selective and differential media, etc.) in completing their experiments. Our students' results confirmed that the LAB occur on the cabbage and are enriched through the brining process. This exercise connects food safety to microbial metabolism due to the production of acids by the LAB; as a result of fermentation, the pH of the kimchi decreases and inhibits the growth of other microorganisms ([@b6-jmbe-15-297]). This connection helped our students understand why refrigeration is not the only answer to keeping foods safe from potentially harmful microorganisms.

CONCLUSION
==========

This exercise meets several ASM curriculum guidelines ([@b5-jmbe-15-297]), such as how to control microbial growth, how to enrich for specific microorganisms, and the ability of humans to utilize and harness microorganisms. Furthermore, this exercise builds laboratory skills, such as the formulation and testing of hypotheses and the isolation of the LAB from vegetable matter. By pairing kimchi preparation with a yogurt-making lab, students are exposed to different types of fermentation (inoculated vs. endemic, vegetable vs. milk, etc.) and the use of microorganisms in food preservation. This activity could be adapted to a non-majors science course by modifying or excluding the hypothesis testing.

SUPPLEMENTAL MATERIALS
======================

1.  Appendix 1: Pre- and post-lab questions

2.  Appendix 2: Kimchi instructions

Supplemental materials available at <http://jmbe.asm.org>
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